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Introduction: Physical properties (e.g. density and elasticity) of minerals, combined with geophysical evidence 
(e.g. seismology and gravitational observations), are very important for understanding a planet�s structure. While 
density measurements of crystalline minerals at high pressure and temperature can be routinely carried out using 
in-situ diffraction techniques, experiments to determine density of melts at static high pressure are rare[1, 2]. 
Experimental technique has hindered us from studying equation of state (EOS) of molten minerals, which is 
essential for understanding earth especially earth�s core. Iron is believed to be the principal constituent of 
terrestrial planets� cores, but some light elements are required to match densities of the cores extracted from 
gravimetric and/or seismic (for Earth) data to the experimental data of candidate materials[3]. Sulfur is a very 
important candidate for the light element in the Earth�s core and the Martian core[4-7].  
 
Methods and Materials: Density measurements of noncrystalline sample are conducted by using newly 
developed x-ray radiograph technique[8] with the large-volume press SAM85 and monochromatic x-ray at X17B1. 
Powdered crystalline FeS sample is as starting material. Sample are compressed to 4 GPa and then heated up to 
its melting temperature (1300oC). 
 
Results: Figure 1 shows the densities derived from radiograph and x-ray diffraction before the sample melts. A 
density drop is observed at 1300oC indicating melting of the sample.  Loss of crystalline diffraction peaks in the x-
ray diffraction pattern confirms the melting. The measured density before melting is consistent with the previous x-
ray diffraction study by Fei et. al.[9] This density measurement technique has a great potential in EOS studies of 
molten minerals because of the short measurement time.  
 
Acknowledgments: We would like to thank Z. Zhong at the NSLS for his technical support at the beamline. 
 
References:  
1. Katayama, Y., Density measurements of non-crystalline materials under high pressure and high temperature. 

High Pressure Res., 1996. 14: p. 383 - 391. 
2. Sanloup, C., et al., Density measurements of liquid Fe-S alloys at high pressure. Geophys. Res. Lett., 2000. 

27: p. 811 - 814. 
3. Birch, F., Elasticity and constitution of the Earth's interior. J. Geophys. Res., 1952. 57: p. 227 - 286. 
4. Mason, B., Composition of the Earth. Nature, 1966. 211: p. 616 - 618. 
5. Rama Murthy, V. and H.T. Hall, The chemical composition of the Earth's core: possibility of sulfur in the core. 

Phys. Earth Planet. Inter., 1970. 2: p. 276 - 282. 
6. Rama Murthy, V. and H.T. Hall, The origin and chemical composition of the Earth's core. Phys. Earth Planet. 

Inter., 1972. 6: p. 123 - 130. 
7. Lewis, J.S., Consequences of the presence of sulfur in the core of the Earth. Earth Planet. Sci. Lett., 1971. 

11: p. 130 - 134. 
8. Chen, J. et al. Density measurements of Molten Minerals at High Pressure Using Synchrotron X-ray 

Radiography. NSLS 2000 Activity Report.  
9. Fei, Y., et al., Structure and density of FeS at high pressure and high temperature and the internal structure of 

Mars. Science, 1995. 268: p. 1892 - 1894. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.4

4.5

4.6

4.7

4.8

4.9

5

5.1

5.2

400 600 800 1000 1200 1400 1600
T(oC)

de
ns

ity
 (g

/c
m

3 )

density by x-ray diffraction

density by x-ray radiograph

linear fit of density (radiograph) before melting

Figure 1. Density of FeS as a function of temperature at 4 GPa. 


